INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a worldwide public health problem that increases mortality and affects quality of life. It is estimated that the number of people with T2DM worldwide will increase from 246 million in 2012 1 to 592 million by 2035. 2 The prevalence of T2DM has increased more rapidly in China, from 1% in 1980 to 5% in 2001 3 and rose to 9.7% in 2008, affecting nearly 92.4 million adults. 4 An overwhelmingly serious problem is that T2DM often cannot be diagnosed until complications appear. 5 The proportion of undiagnosed cases of T2DM in China was found to be 60%. 4 It is thus important to make efforts to detect and diagnose T2DM earlier in its course, and the most suitable indexes for identifying individuals at high risk in the communities must be determined as soon as possible.
Obesity is a major independent and modifiable risk factor for T2DM and many epidemiological studies have suggested a Strengths and limitations of this study ▪ The obesity indexes used for diabetes screening by sex for Chinese adults aged ≥50 years are proposed for the first time in this study. ▪ Compared with a cohort study, cross-sectional design is more suitable for determining screening indexes of type 2 diabetes mellitus (T2DM). ▪ The best index of obesity adopted in the screening model for T2DM is different from that in the prediction model. ▪ Selection bias might have been present as about half of the study subjects did not take part in the physical examination.
progressive increase in the prevalence of T2DM with obesity. 6 7 More importantly, indexes of obesity play an unusual role in screening T2DM and determining highrisk individuals. Several measurements of obesity, including body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR) and waist-to-stature ratio (WSR), are significantly associated with T2DM. 8 9 BMI is the marker most commonly used to identify the risk of future T2DM; 10 however, it cannot be used to distinguish between muscle and fat. 11 Compared with BMI, central obesity indices, such as WC, WHR and WSR, appeared to be more strongly associated with T2DM. 12 13 Some studies have shown that WC is better than WHR and BMI, 14 15 whereas other studies reported WSR to be the best indicator for the relationship between obesity and T2DM. 16 17 However, several studies indicated that BMI was as powerful as WC and WHR, 18 19 and BMI has been reported to be a better index than WC for the relationship between obesity and T2DM. 20 Although the above four simple and economical indices of obesity have all been associated with T2DM, which of these is the best has been debated. Body fat distribution varies with age, sex and ethnicity; 21 the relationship between obesity and T2DM may also differ according to these factors. Diabetes screening is paramount for adults aged ≥50 years owing to their higher risks, and thus the index most suitable for representing the relationship between obesity and T2DM should be used for adults aged ≥50 years in northern China.
To date, few studies have examined and compared the relationship between obesity indices and T2DM among middle-aged and elderly people in northern Chinese urban communities. Thus, we investigated the prevalence of T2DM and the proportion of people with undiagnosed T2DM and compared the associations between obesity indices and T2DM in order to determine the best obesity index to use for T2DM screening of middle-aged and elderly people in northern China.
MATERIALS AND METHODS

Study population
The subjects were from randomly selected blocks located in the six communities of Jinan, China in 2011-2012. The inclusion criteria for the participants included (1) age ≥50 years, (2) the ability to answer the questionnaire and (3) residence in the selected communities for >6 months in the past year. A total of 3277 residents aged ≥50 years completed the questionnaire in this study; 1563 people were excluded because they did not provide anthropometric data such as height, weight, WC, hip circumference, systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting plasma glucose (FPG), triglyceride (TG), total cholesterol (TC) or information about their current medication use. A total of 1714 participants were included in the final data analysis.
Investigation and measurements
Trained interviewers administered a standardised questionnaire to obtain demographic information, including the subjects' age, sex, current smoking status (yes or no), current alcohol intake (yes or no) and regular exercise frequency (<1 time per week, 1-2 times per week, 3-4 times per week, 5-7 times per week or ≥8 times per week). After an overnight fast of at least 12 hours, all subjects underwent a standardised medical examination that included routine anthropometric, clinical and laboratory tests. Blood pressure (BP) was measured in the right arm by trained examiners using a mercury sphygmomanometer according to a standard protocol. Three BP measurements were obtained with an interval of from 5 to 15 min and the average of the three readings was chosen as the BP value for each subject. The laboratory tests included TG, TC and FPG; subjects with abnormal results were assessed again on a different day. The anthropometric measurements were taken after the participants had removed their shoes and any heavy clothing or belts. Each subject's height, weight, WC and hip circumference were measured by experienced nurses. The WC was measured at the level midway between the lower rib margin and the iliac crest while the participants breathed out gently. The hip circumference measurement was taken at the maximal gluteal protrusion. The BMI, WHR and WSR were calculated as the weight (kg)/height 2 (m 2 ), WC (cm)/hip (cm) and WC (cm)/stature (cm), respectively. This study was approved by the ethics committee of the School of Public Health of Shandong University and written informed consent was obtained from each participant.
Definition of obesity, hypertension, T2DM and undiagnosed T2DM Obesity was defined as a BMI≥28 according to the standard criteria of the Chinese Obesity Working Group. 22 Hypertension was defined as an SBP≥140 mm Hg or a DBP≥90 mm Hg at least three times or the self-reported current use of antihypertensive medication. T2DM was defined as FPG≥7.0 mmol/L at least twice, HbA1c≥6.5% and FPG≥7.0 mmol/L, 2-hour glucose after an oral glucose tolerance test ≥11.1 mmol/L or anti-diabetic medication use or self-reported T2DM confirmed by either FPG≥7.0 mmol/L or HbA1c≥6.5%. Undiagnosed T2DM was identified as an FPG≥7.0 mmol/L when neither a history of diabetes nor hypoglycaemic drug use was present. 23 Anthropometric indices and potential confounding factors Before fitting logistic regression models, the original continuous anthropometric indices, such as BMI, WC, WHR and WSR, were categorised into four levels using the three quartiles of P25, P50 and P75 as cut-off values, respectively, according to gender. Different potential confounding factors were also considered in the four logistic regression models.
Statistical analysis
Descriptive statistics of all variables were obtained according to gender and diabetes status. Numerical data were expressed as means±SD or median and quartile range according to whether their distribution was normal or skewed as judged by a histogram. A twosample t-test and Wilcoxon rank sum test were used to determine the group difference. Categorical variables were expressed as percentages and a χ 2 test was used to compare differences for categorical data. Four logistic regression models were generated according to different confounding factors. In the first model no variable was adjusted for while in the second model adjustment for age only was made. The third model contained adjustments for continuous age, smoking (yes or no), alcohol drinking (yes or no) and regular exercise frequency (<1 time per week, 1-2 times per week, 3-4 times per week, 5-7 times per week or ≥8 times per week); adjustments for hypertension (yes or no), continuous TG and cholesterol were added to the fourth model. Categorical BMI, WC, WHR and WSR values were the independent variables in the four models. The areas under the receiver operating characteristic curves (AUCs) and their 95% CIs were computed for BMI, WC, WHR or WSR in the four models, respectively, according to gender. p<0.05 was considered statistically significant and SPSS (V.20.0) was used to perform the analyses.
RESULTS
A total of 1714 people (555 men and 1159 women) aged ≥50 years were included in this study. The characteristics of the study participants according to gender are summarised in table 1. The median age was 64.00 (14.00) years for men and 62.00 (15.00) years for women; a significant difference for age was found between men and women ( p=0.035). Participants in the male group were taller, heavier, had a greater WC, WHR, DBP and FPG, a higher prevalence of hypertension and T2DM and a higher incidence of a current alcohol drinking and smoking than those in female group ( p<0.05). However, WSR, TG and TC measurements and the prevalence of obesity in the female group were significantly higher than those in the male group ( p<0.05). Table 2 shows a comparison of characteristics of the study participants between the diabetic and non-diabetic groups. Participants in the diabetic group were older, Results are shown as means±SD unless stated otherwise. The comparison of characteristics between men and women (unpaired Student's t-test or Wilcoxon rank sum test for numerical data, χ 2 test for categorical data). *Undiagnosed T2DM was calculated as the number of patients with undiagnosed T2DM divided by the total number of patients with T2DM in this survey. BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; Hip, hip circumference; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG, triglyceride; WC, waist circumference; WHR, waist-to-hip ratio; WSR, waist-to-stature ratio.
heavier, had higher hip circumference, WC, BMI, WHR, WSR, SBP, FPG, TG and TC measurements, a higher prevalence of hypertension and obesity and a higher proportion of the men than those in the non-diabetic group ( p<0.05). However, the incidence of current alcohol drinking in the non-diabetic group was significantly higher than that in the diabetic group ( p<0.05). Table 5 shows the AUCs for BMI, WC, WHR and WSR according to gender, respectively, in the four models. The AUCs of the WSR for men in the four models were 0.608 (0.549 to 0.668), 0.614 (0.554 to 0.675), 0.679 (0.622 to 0.735), 0.703 (0.648 to 0.758), respectively. The AUC of the WSR was larger than the AUC for BMI, WC and WHR for the men. The BMI AUCs for women were 0.604 (0.560 to 0.648), 0.618 (0.575 to 0.661), 0.669 (0.627 to 0.711) in models 2, 3 and 4, respectively, and was larger than that for the WC, WHR and WSR.
DISCUSSION
The prevalence of T2DM has been increasing and the current situation is especially serious in Asia and China. 24 25 The prevalence of T2DM was 19.3% for men and 15.3% for women in adults ≥50 years in our study. This prevalence was higher than that of 11.6% for all of China, 26 12.7% for Harbin, 27 5.5% for Guangzhou, 28 6.7% for Shanghai, 29 5.3% for Haikou 30 and 7.6% in the Three Gorges Reservoir Region.
31 T2DM prevalence increased with age, in men more than women, in urban more than rural areas and in the north more than the south of China. 4 26 Our findings differed from those of the above study because we studied an older group in northern and urban locations. A more thorough investigation is, therefore, needed that examines many age groups and geographical regions.
The proportion of patients with undiagnosed T2DM declined with age. 3 32 The proportion of undiagnosed patients with T2DM was 32.7% in our study, which was lower than the 60% found in a nationwide study of China. 4 The high proportion of patients with undiagnosed T2DM will increase the long-term cost of the disease in China. 33 Early intervention can prevent or delay T2DM onset. 34 35 Routine screening for undiagnosed T2DM is especially important and should be implemented as soon as possible in China. Owing to the economic and demographic situation of China, simple, economical and convenient indicators should be found to identify the population that is at a high risk of developing T2DM to reduce costs.
Anthropometric indices of the relationship between obesity and T2DM would provide effective screening for T2DM. 36 However, the best index (BMI, WC, WHR or WSR) for indicating the relationship between obesity and T2DM is unknown and the conclusions are not uniform. The relationship between obesity and T2DM may differ according to age, sex or race, 37 and according to which indicator is used to best represent the relationship between obesity and T2DM. Thus, in this study, we examined the relationship between obesity and T2DM among people aged ≥50 years in Jinan, China. Age, height, weight, WC, WHR, WSR, DBP, FPG, TG, TC measurements and the prevalence of obesity, hypertension, smoking and alcohol drinking differed significantly according to gender, suggesting that gender is a strong confounder. Subgroup analyses were conducted in men and women to show and compare the relationships between obesity and T2DM. Our final sample included more women than men; this might have been because the women were more willing to comply with the requirements of the survey and the physical examination than men.
According to our results, the best indicator for the relationship between obesity and T2DM was WSR for men and BMI for women. Most studies in China, including two studies from northeast China, 38 39 a study involving three cities of northern China and four cities of southern China, 40 and another study from the China National Nutrition and Health Survey, 36 confirmed that WSR was better than BMI, WC and WHR. The above results were also found in other Asian countries, such as Iran, 41 Korea 42 and Japan. 43 Our study included an older study population and a study from Changchun in northeast China included adults aged ≥40 years. However, other studies included adults aged ≥20 years. The results for the men were the same as those in previous studies; however, BMI was the best indicator for the relationship between obesity and T2DM for the women in our study. Our results for the women differed from those of previous studies, possibly for the following reasons. First, the average age of the subjects in our study was approximately 63 years and age-related declines in muscle and increases in adipose tissues have been demonstrated; 44 second, some studies found that WC was greater in men than women, 45 46 which suggested that fat in men was focused more on the waist rather than throughout the body, whereas fat tissue in the women was spread throughout the body. The above confirmed that older women have more peripheral fat than men; 47 this may explain why BMI is better than the other indicators in elderly women.
T2DM screening and prediction are both important in view of the serious situation. The best index of obesity adopted in a screening model for T2DM differs from that in a prediction model. This means we must be aware that the best predictive indexes are from prospective cohort studies, whereas the best screening indexes are from cross-sectional studies. Thus a cross-sectional study was performed to determine the best obesity indicator for T2DM screening in this study. In addition, the relationship between obesity and T2DM varies with age, sex and ethnicity. 37 T2DM screening is important for adults aged ≥50 years because they have higher risks. No study has yet focused on the relationship between obesity and T2DM for Chinese people aged ≥50 years. In our study, the obesity indexes used for T2DM screening by sex for Chinese adults ≥50 years are proposed. This conclusion remains to be confirmed in further cross-sectional studies by age group.
Our investigation had several limitations. First, our study had a cross-sectional design, which can be used to explore the associations between obesity and T2DM but cannot be used to explore causations. However, it is suitable for identifying populations that are at a high risk of T2DM. A prospective cohort study would be useful to determine the predictive indicators of T2DM. Second, about half of the sample in this study did not take part in the physical examination, which might have created a selection bias.
In conclusion, WSR and BMI were the best indicators of the relationship between obesity and T2DM for men and women, respectively, among adults aged ≥50 years in Jinan, China. The FPG of adults aged ≥50 years should be monitored regularly to identify patients with T2DM using the WSR for men and BMI for women.
